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FiG. BA

(FORMULA 1) CONTRAST SENSITIVITY FUNCTION

g, = 0.1183034375 |
q;" = 3362??&865,; ?Q ¥

Fiis. 68

(FORMULA 2) FORMULA FOR CALCULATING LUMINANCE CORRESPONDING
TO NEXT AUND DIFFERENCE FROM THE CONTRAST SENSITIVITY FUNCTION
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FiG. 7TA

(FORMULA 3) FORMULA FOR CONVERTING LUMINANCE TO JND VALUE

ALy= A+ B Log (Ly+ C-{Log,{ LY + D (Log (L)Y + E-{Log, (L)Y +
FoALog (LY + G- (Log (L)) + H-(Log (L)) + 1 -(Log (L))

A=TLA498068 B =04593033 (O=41912033
D=38247004  FE= 028175407 F=-1.1878453

(G=-0.1801434%  H=014710899  I=.{0.017046843

G, 78

(FORMULA 4) FORMULA FOR CONVERTING JND VALUE TO LUMINANCE

3 4

Ao daljyre {Ln{ iy b g (L iy e {Lain

iﬁgif’i{j?m | o s o 7 T RS
Vebe Ln(fy+d - (Ln(in” + f (La(n" + - (La()3) + b -(hn )y

d = -10320229E-1 &= 13646699F-1 £ 2.8745620E-2

g = -2 340840402 he -3 19789773 ko= 1296544

m = 1.3635334F-3
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F1G. 8A
(FORMULA 5 FORMULA FOR CALCULATING A3ND
ﬁJND ~ (\}max' o Jmii”émtﬁfErjﬂ + J exi) / i255}

= (810.49 — 1.62 + 19) VALUE CORRESPONDING TO NUMBER
= 3 V46 OF GRADATIONS

AUND CEXTENDED JND DIFFERENCE
Jmax - MAXIMUM JND VALUE

| Jext | EXTENDED JND DIFFERENCE

G, 818

(FORMULA 8) FORMULA FOR CALCULATING TARGET JND VALUE (Jm_target) FOR EACH
GRADATION

Jm_target = Jmax — AJND X {255 —m)

Jmex © MAXIMUM JND VALUE

FIG. 8C

{FGEMULE&. 71 FORMULA FOR CALCULATING TARGET JND VALUE {Jm_targat) FOR EACH
GRADATIONM

\}n';ﬂtazrget = (Jmax - sz:én) X (255/ m) + Jmiﬂ
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! SETTING MINIMUM LUMINANCE )
 {(STARTING LUMINANCE) L, ;
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1

IMAGE DISPLAY DEVICE, IMAGE DISPLAY
SYSTEM, IMAGE DISPLAY METHOD, AND
COMPUTER PROGRAM FOR PROVIDING A
LOW-LUMINANCE GRAYSCALE
STANDARD DISPLAY FUNCTION (GSDF)
DISPLAY

TECHNICAL FIELD

The present mnvention relates to an 1image display device,
an 1mage display system, an image display method, and a
computer program.

BACKGROUND

Improvements 1n 1mage processing technology have made
it possible to produce the image display devices that can
display images with high contrast ratio. Such the image
display device 1s capable of setting the gradation corre-
sponding to the luminance of less than 0.05 (cd/m”). Here,
the gradation characteristic of the 1image display device for
medical use 1s required to comply with the GSDF (Grayscale
Standard Display Function) of the DICOM standard (here-
mafter referred to as the DICOM). Therefore, an image
display device that can display images of the gradation
characteristic in compliance with the GSDF has been pro-
posed (see, for example, patent literature 1). The GSDF of
the DICOM 1s based on a theory called the Barten-Model.

The 1image display device described 1n patent literature 1
calculates the JND value corresponding to the maximum
luminance and the JND value corresponding to the mini-
mum luminance, and then calculates the target luminance for
cach gradation based on these JND values. In patent litera-
ture 1, the calculated target luminance shows the gradation
characteristic 1n compliance with the GSDF. Here, the
corresponding luminance corresponding to each JND 1ndex
specified by the DICOM is 0.05 (cd/m*) or more. Therefore,
i the mimmum luminance preset for the image display
device is 0.05 (cd/m*) or more, the image display device

described 1n patent literature 1 can display images that
comply with the GSDF.

PATENT LITERATURE

| Patent Literature 1] The publication of Japanese Patent No.
3974630

SUMMARY OF INVENTION

The JND Index (JND value) corresponding to the Iumi-
nance less than 0.05 (cd/m”) is not clearly indicated in the
DICOM. Therefore, when the technology described 1n pat-
ent literature 1 1s applied to the image display device that 1s
capable of displaying images with high contrast ratio, if the
mimmum luminance preset for the image display device 1s
less than 0.05 (cd/m?), it is considered that the luminance of
the low-gradation display image 1s outside the GSDF.

An object of the present invention 1s to provide the image
display device, the image display system, the image display
method and the computer program i1n which the gradation
characteristics compatible with the GSDF are extended to a
luminance range of less than 0.05 (cd/m>).

The present invention provides an image display device
for medical use configured to display image data compris-
ing: an 1mage display unit; and an 1image processing unit,
wherein the 1mage processing unit 1s configured to display
the 1image data on the image display unit based on first and
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second gradation characteristics, a luminance of the first
gradation characteristic is 0.05 (cd/m®) or more, a luminance
of the second gradation characteristic 1s less than 0.05
(cd/m”), the first gradation characteristic complies with
GSDF (Grayscale Standard Display Function) gradation
characteristic of DICOM standard, and the first and second
gradation characteristics are defined to satisiy a relationship
between a JND value and a corresponding luminance.

The configuration of the present invention 1s configured to
display 1image data on the image display unit based on the
first and second gradation characteristics. Here, the first
gradation characteristic (the gradation characteristic having
the luminance of 0.05 (cd/m”) or more) complies with the
gradation characteristic of the GSDF of the DICOM stan-
dard and satisfies the relationship between the JND value
(JND 1ndex) and the corresponding luminance correspond-
ing to the JND value. The second gradation characteristic
(the gradation characteristic having the luminance less than
0.05 (cd/m?)) also satisfies the relationship between the IND
value (JND index) and the corresponding luminance corre-
sponding to the JND value. Therefore, the gradation char-
acteristic of the ivention, which 1s compatible with the
GSDUF, 1s extended to the luminance region of less than 0.05
(cd/m?).

Various embodiments of the present invention are
described below. Any of the embodiments described below
can be combined with one another.

Preferably, the relationship of the second gradation char-
acteristic corresponds to a relationship between a target JIND
value and a corresponding target luminance, the target
luminance corresponds to the corresponding luminance, the
target JIND value 1s calculated based on a maximum JND
value, an extended JND difference, a temporary minimum
IND value, and the number of gradation, the maximum JND
value corresponds to a maximum luminance of the image
display unit, the temporary minimum JND value corre-
sponds to a temporary minmimum luminance, and the tem-
porary minimum JND value is calculated from a minimum
luminance using a predetermined relationship, the minimum
luminance is less than 0.05 (cd/m?®), when the minimum
luminance 1s given, the predetermined relationship 1s
capable of recursively calculating a luminance correspond-
ing to a JND value that 1s n (n=1) larger than a minimum
IND value corresponding to the minimum luminance, the
temporary mimmum luminance 1s a luminance that becomes
larger than a predetermined luminance for the first time
when a recursive calculation of each luminance using the
predetermined relationship 1s repeated, and the extended
IND difference corresponds to the number of luminance,
which 1s used to calculate the temporary minimum lumi-
nance, smaller than the temporary minimum luminance.

Preferably, the image display device further comprises: an
arithmetic processing unit, wherein the arithmetic process-
ing unit mncludes an extended JND difference calculation
part, a target JND wvalue calculation part, and a target
luminance calculation part, the extended JND difference
calculation part calculates a temporary minimum luminance
from a minimum luminance using a predetermined relation-
ship and calculates an extended JND diflerence, when the
minimum luminance 1s given, the predetermined relation-
ship 1s capable of recursively calculating a luminance cor-
responding to a JND value that 1s n (nz1) larger than a
minimum JND value corresponding to the minimum lumi-
nance, the temporary minimum luminance 1s a luminance
that becomes larger than a predetermined luminance for the
first time when a recursive calculation of each luminance
using the predetermined relationship 1s repeated, the mini-
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mum luminance is less than 0.05 (cd/m?), the extended JND
difference corresponds to the number of luminance, which 1s
used to calculate the temporary minimum luminance,
smaller than the temporary minimum luminance, the target
JND value calculation part calculates a target JND value for
cach gradation based on a maximum JND value correspond-
ing to a maximum luminance of the image display unit, the
extended JND diflerence, a temporary mimmum JND value
corresponding to the temporary minimum luminance, and
the number of gradation, the target luminance calculation
part calculates a target luminance based on the target JIND
value, the target JIND value corresponds to the JND value of
the first and second gradation characteristics, and the target
luminance corresponds to the corresponding luminance of
the first and second gradation characteristics.

Preferably, the JND value 1s used 1n an arithmetic pro-
cessing unit, the JND value for the first gradation charac-
teristic 1s assigned a real number larger than or equal to 1,
and the JND value for the second gradation characteristic 1s
assigned a real number less than 1.

Preferably, a JND index 1s used 1n an arithmetic process-
ing unit, the JND index for the first gradation characteristic
1s assigned an 1nteger larger than or equal to 1, and the JND
index for the second gradation characteristic 1s assigned an
integer less than 1.

Preferably, the JND index for the second gradation char-
acteristic 1s assigned a negative integer.

Another aspect of the present invention provides an 1mage
display system for medical use configured to display image
data comprising: an 1mage display unit; and an image
processing unit, wherein the 1image processing unit 1s con-
figured to display the image data on the image display unit
based on first and second gradation characteristics, a lumi-
nance of the first gradation characteristic is 0.05 (cd/m?) or
more, a luminance of the second gradation characteristic 1s
less than 0.05 (cd/m”), the first gradation characteristic
complies with GSDF (Grayscale Standard Display Func-
tion) gradation characteristic of DICOM standard, and the
first and second gradation characteristics are defined to
satisfy a relationship between a JND value and a corre-
sponding luminance.

Preferably, the relationship of the second gradation char-
acteristic corresponds to a relationship between a target JND
value and a corresponding target luminance, the target
luminance corresponds to the corresponding luminance, the
target JIND value 1s calculated based on a maximum JND
value, an extended JND difference, a temporary minimum
IND value, and the number of gradation, the maximum JND
value corresponds to a maximum luminance of the image
display unit, the temporary minimum JND value corre-
sponds to a temporary minimum luminance, and the tem-
porary minimum JND value 1s calculated from a minimum
luminance using a predetermined relationship, the minimum
luminance is less than 0.05 (cd/m?®), when the minimum
luminance 1s given, the predetermined relationship 1s
capable of recursively calculating a luminance correspond-
ing to a JND value that 1s n (n=1) larger than a minimum
IND value corresponding to the minimum luminance, the
temporary mimmum luminance 1s a luminance that becomes
larger than a predetermined luminance for the first time
when a recursive calculation of each luminance using the
predetermined relationship 1s repeated, and the extended
IND difference corresponds to the number of luminance,
which 1s used to calculate the temporary minimum lumi-
nance, smaller than the temporary mimimum luminance.

Preferably, the image display system further comprises:
an arithmetic processing unit, wherein the arithmetic pro-
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cessing unit includes an extended JND difference calculation
part, a target JND wvalue calculation part, and a target
luminance calculation part, the extended JND diflerence
calculation part calculates a temporary minimum luminance
from a minimum luminance using a predetermined relation-
ship and calculates an extended JND diflerence, when the
minimum luminance 1s given, the predetermined relation-
ship 1s capable of recursively calculating a luminance cor-
responding to a JND value that 1s n (nz1) larger than a
minimum JND value corresponding to the minimum lumi-
nance, the temporary minimum luminance 1s a luminance
that becomes larger than a predetermined luminance for the
first time when a recursive calculation of each luminance
using the predetermined relationship 1s repeated, the mini-
mum luminance is less than 0.05 (cd/m?), the extended JND
difference corresponds to the number of luminance, which 1s
used to calculate the temporary mimmum luminance,
smaller than the temporary minimum luminance, the target
IJND value calculation part calculates a target JND value for
cach gradation based on a maximum JND value correspond-
ing to a maximum luminance of the image display unit, the
extended JND difference, a temporary minimum JND value
corresponding to the temporary mimimum luminance, and
the number of gradation, the target luminance calculation
part calculates a target luminance based on the target JIND
value, the target JND value corresponds to the JND value of
the first and second gradation characteristics, and the target
luminance corresponds to the corresponding luminance of
the first and second gradation characteristics.

Preferably, the JND value 1s used in an arithmetic pro-
cessing unit, the JND value for the first gradation charac-
teristic 1s assigned a real number larger than or equal to 1,
and the JND value for the second gradation characteristic 1s
assigned a real number less than 1.

Preferably, a IND index 1s used in an arithmetic process-
ing unit, the JND index for the first gradation characteristic
1s assigned an integer larger than or equal to 1, and the JND
index for the second gradation characteristic 1s assigned an
integer less than 1.

Preferably, the JND index for the second gradation char-
acteristic 1s assigned a negative integer.

Another aspect of the present invention provides an image
display method for medical use and displaying image data
comprising: a display step of displaying the image data on
an 1mage display unit based on first and second gradation
characteristics, wherein a luminance of the first gradation
characteristic is 0.05 (cd/m”) or more, a luminance of the
second gradation characteristic is less than 0.05 (cd/m”), the
first gradation characteristic complies with GSDF (Gray-
scale Standard Display Function) gradation characteristic of
DICOM standard, and the first and second gradation char-
acteristics are defined to satisty a relationship between a
IND value and a corresponding luminance.

Another aspect of the present invention provides a com-
puter program causing a computer to execute an i1mage
display method for medical use and displaying image data
comprising: a display step of displaying the image data on
an 1mage display unit based on first and second gradation
characteristics, wherein a luminance of the first gradation
characteristic is 0.05 (cd/m?®) or more, a luminance of the

second gradation characteristic is less than 0.05 (cd/m?>), the
first gradation characteristic complies with GSDF (Gray-
scale Standard Display Function) gradation characteristic of

DICOM standard, and the first and second gradation char-
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acteristics are defined to satisty a relationship between a
IJND value and a corresponding luminance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a functional block diagram of the image display
system 100 having the image display device 1 according to
the embodiment.

FIG. 2 1s a description diagram of the data when the
minimum luminance is less than 0.05 (cd/m?).

FIG. 3 1s a description diagram of the data when the
minimum luminance is 0.05 (cd/m”) or more.

FIG. 4 1s a flowchart for mapping the LUT (Look Up
Table) data to the target luminance obtained 1n the flowchart
shown 1n FIG. 5.

FIG. 5 1s a detailed tlowchart of step S3 (a calculation step
of the target luminance) of the tlowchart shown 1n FIG. 4.

FIG. 6 A shows a contrast sensitivity function derived
from a Barten-Model.

FIG. 6B shows a formula derived from the Barten-Model
and which calculates the luminance corresponding to the
next 1 JND difference from any the luminance.

FIG. 7A 1s a formula for converting the luminance to the
IND values, as specified by the DICOM.

FIG. 7B 1s a formula for converting the JND value to the
luminance, as specified by the DICOM.

FIG. 8A 1s a formula used to calculate AJND.

FIG. 8B 1s a formula used to calculate the target JND
value when the minimum luminance 1s less than 0.05
(cd/m?).

FIG. 8C 1s a formula used to calculate the target JND
value when the minimum luminance is 0.05 (cd/m*) or
larger.

FIG. 9 1s a schematic diagram 1llustrating the calculation
of the temporary minimum luminance from the minimum
luminance using the contrast sensitivity function.

FIG. 10 15 a schematic diagram illustrating the calculation
of the extended JND index.

FIG. 11 1s a table showing each gradation, the target JIND
value, and the target luminance.

FI1G. 12 1s a graph showing the first and second gradation
characteristics.

FI1G. 13 1s a modification of the image display system 100
according to the embodiment.

DETAILED DESCRIPTION

Now, embodiments of the present mmvention will be
described with reference to the drawings. Various features
described 1n the embodiments below can be combined with
cach other.

1. Gradation Characteristic

1-1. Dicom Standard

The image display device for medical use should ensure
consistency 1n 1mage display to enable doctors and others to
accurately read and diagnose images. For this reason, the
image display device that complies with the DICOM stan-
dard (hereinafter referred to as DICOM), an international
standard for digital images for medical use, has been pro-
posed.

The DICOM specifies the GSDF (Grayscale Standard
Display Function), a function that indicates the gradation
characteristic. Human visual characteristics are non-linear
with respect to brightness, but the GSDF 1s specified to be
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linear. Specifically, the GSDF i1s derived from the Barten-
Model, which 1s based on human visual characteristics in
image display.

In the DICOM, an 1index called the JIND (Just-Noticeable
Difference) Index 1s used. The starting point of the JND
index is at a luminance of 0.05 (cd/m”), which is defined as
“1”. After the JND indexes “2”, the number of the JND
index increases by 1 JND. 1 IND corresponds to the
minimum luminance difference in the image recognizable by
an average observer. In other words, since one step in the
JND 1index 1s defined so as to attributed to the luminance
difference which i1s the discrimination threshold, the corre-
sponding luminance for the JND index 1s uniquely deter-
mined.

The JND index described here 1s specified as a positive
integer. On the other hand, the JND wvalue 1s the value
assigned to each gradation and can be a value other than an
integer. However, while the IND index and the JND value
differ in whether or not they are integers, both the JND index
and the JND value are essentially the same and are the
Barten-Model compliant.

1-2. Gradation Characteristics of Embodiment

The DICOM does not specily the IND index correspond-
ing to the luminance of less than 0.05 (cd/m?®). In other
words, the GSDF specified by the DICOM 1s not applicable
for luminance less than 0.05 (cd/m?*). Therefore, if the
luminance of less than 0.05 (cd/m”) is assigned to the
display gradation of the image display device, the gradation
characteristic of the image display device will be outside of
the GSDF of the DICOM. Thus, 1n an embodiment, the JND
index corresponding to the luminance of less than 0.05
(cd/m?) is specified using the same Barten Model and the
same parameters that were used to calculate the GSDF. To
be compatible with the JND indexes of the DICOM stan-
dard, the JND indexes corresponding to the luminance of
less than 0.05 cd/m” are defined and extended using 0 and
negative imtegers that cannot be taken originally. The JND
value 1s also expressed as 0 and negative, and can be a value
other than an integer (e.g., a real number). Specifically, the
gradation characteristic of the mmage display device 1
according to the embodiment 1s configured from the first and
second gradation characteristics.

The luminance of the first gradation characteristic 1s 0.035
(cd/m”) or more. And the first gradation characteristic com-
plies with the gradation characteristic of the GSDF of the
DICOM. In other words, the first gradation characteristic 1s
represented by the JND index already specified by the
DICOM and the corresponding luminance for the JND
index.

The luminance of the second gradation characteristic 1s
less than 0.05 (cd/m”). Preferably, the luminance of the
second gradation characteristic is more than 0.001 (cd/m*)
but less than 0.05 (cd/m”). As described above, the GSDF of
the DICOM 1s not applicable for the luminance less than
0.05 (cd/m”). Therefore, in the embodiment, in order to
extend the applicable range of the GSDF from the luminance
above 0.05 (¢cd/m®) to the luminance less than 0.05 (cd/m?),

the JND index of the second gradation characteristic 1s
obtained based on the Barten-Model. The JND index of the

second gradation characteristic 1s specified as an integer less
than 1, which 1s extended from the JND index of GSDF,

which 1s specified as an integer larger than 1. For this reason,
in the embodiment. The JND index of the second gradation
characteristic may be referred to as the extended JND index,
and the second gradation characteristic may be referred to as
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the gradation characteristic of the extended GSDFE. The
method of obtaining the extended JND index is described
later.

2. Overall Configuration

This section describes the overall configuration of an
image display system 100, including an image display
device 1 according to the embodiment. The 1mage display
system 100 of this embodiment has the image display device
1 and an information processing device 2, as shown 1n FIG.
1. The image display device 1 includes an arithmetic pro-
cessing unit 1A, a LUT (Look Up Table) 1B, an image
processing unit 1C, an image display unit 1D, a memory 1E,
an operation unit 1F, a control unit 1G, and a sensor 1H.

Each of the above components may be realized by soft-
ware or by hardware. When realized by software, various
functions can be realized by the CPU executing the com-
puter program. The program may be stored in built-in
memory or a computer-readable non-transitory storage
medium. Further, the program stored in the external the
memory may be read and realized by so-called cloud com-
puting. When realized by hardware, it can be realized by
various circuits such as ASIC, FPGA, or DRP. The present
embodiment deals with various information and concepts
encompassing the same, which are represented by high and
low signal values as a collection of binary bits consisting of
0 or 1, and communication and arithmetic operations can be
performed by the above software or hardware manner.

The 1mage display device 1 according to the embodiment
can be applied, for example, to an 1mage reading system for
medical use or an 1mage diagnosis system for medical use.
The image display device 1 according to the embodiment
can also be applied, for example, to a diagnostic method
using medical images. The image display device 1 acquires
the image data from the information processing device 2 and
outputs the processed image data to the 1image display unit
1D. The information processing device 2 controls the 1mage
display device 1 and the sensor 1H. In addition, the infor-
mation processing device 2 outputs the 1mage data to the
image display unit 1D for display on the image display
device 1. The sensor 1H measures the luminance of the
image display unit 1D. In the embodiment, the sensor 1H 1s
described as being built into the 1image display device 1, but
it 1s not limited to this configuration.

3. Detailed Configuration of Image Display Device
1

3-1. Arnithmetic Processing Unit 1A

The arithmetic processing unit 1A reads the program
stored 1n the memory 1E and executes various arithmetic
processes, and 1s configured with the CPU, for example. The
arithmetic processing unit 1A includes an extended JND
difference calculation part 10, a conversion unit 11, a target
IND value calculation part 12, a target luminance calcula-
tion part 13 and an approximate formula generator 14. The
JND value and JND index described above are used 1n the
arithmetic processing unit 1A.

As will be explained next, the function of the arithmetic
processing unit 1A 1s diflerent when the minmimum lumi-
nance Lmin is less than 0.05 (cd/m”) and when it is 0.05
(cd/m*) or more. When the minimum luminance Lmin is less
than 0.05 (cd/m”), the arithmetic processing unit 1A per-
torms the processing related to the gradation characteristics
of both the first and second gradation characteristics. In
contrast, when the minimum luminance Lmin 1s 0.05 (cd/

10

15

20

25

30

35

40

45

50

55

60

65

8

m~) or more, the arithmetic processing unit 1A performs the
processing related to the gradation characteristic of the first
gradation characteristic. In this case, the process 1s the same
as the conventional one. First, the case where the minimum
luminance Lmin is less than 0.05 (cd/m?®) is described.

3-1-1. In Case where Minimum [Luminance I min 1s Less
than 0.05 (Cd/m*) (Extended JND Difference Calculation

Part 10)

The extended JND difference calculation part 10 acquires
the various parameters and the minimum luminance Lmin.
The various parameters are the parameters ol the Barten-
Model, such as M, shown in FIG. 6A. The various param-
cters are stored in the memory 1E. When the operator of the
image display device 1 enters the value of the minimum
luminance Lmin using the operation unit 1F, the extended
JND difference calculation part 10 can acquire the minimum
luminance Lmin.

The extended JND difference calculation part 10 has a
function to calculate the temporary minimum luminance
Lmin_tmp from the mimmum luminance Lmin using a
predetermined relationship (the first function). The prede-
termined relationship 1s represented by the formula shown in
FI1G. 6B, which 1s based on the Barten-Model.

The extended JND difference calculation part 10 also has
a function to calculate the luminance using the formula
shown 1n FIG. 6B (the second function).

First Function: Calculation of Temporary Minimum Lumi-
nance Lmin_Tmp

The formula shown in FIG. 6B i1s derived from the
contrast sensitivity function shown in FIG. 6A. q, to q, are
the values shown in FIG. 6A, and M,_,, 1s the optical
modulation transter function, C, ,, 1s the main pupil diameter
dependent component, d 1s the pupil diameter, and o, 1s the
standard deviation of the optical LSF (Line Spread Func-
tion) for small pupil diameters. This predetermined relation-
ship, given the mimimum luminance Lmin, can recursively
calculate the corresponding luminance for the JND value
that 1s n (n=1 and a positive iteger) larger than the mini-
mum luminance. The process of recursively calculating the
luminance using the predetermined relationship 1s explained
based on FIG. 9.

In FIG. 9, L, 1s the minimum luminance. The number of
cach luminance are given for convenience. In other words,
cach the luminance number (0-19) 1n FIG. 9 1s different from
the JIND index (1-19) 1n the IND 1ndex table specified by the
DICOM. In FIG. 9, the mimimum luminance L, 1s less than
0.05 (cd/m?), which is not specified by the IND index table
of the DICOM.

G1ven the minimum luminance L, the luminance L, can
be calculated by using the formula shown 1n FIG. 6B. After
this recursive calculation 1s repeated, the value exceeds 0.05
(cd/m*) for the first time at L,,. In the embodiment, the
luminance that exceeds 0.050 (cd/m”) for the first time is
defined as the temporary minimum luminance Lmin_tmp. In
other words, the temporary mimimum luminance Lmin_tmp
1s the luminance that 1s above the predetermined luminance
(0.05 1n the case of the embodiment) for the first time when
repeated recursively calculating each luminance using the
predetermined relationship. Therefore, in FIG. 9, L, 1s the
temporary minimum luminance Lmin_tmp.

Second Function: Calculation of Extended JND Diflerence
Jext

Each luminance shown in FIG. 9 1s the corresponding
luminance for the extended JND. The number of the
extended JND 1s counted 1n order from the smallest lumi-
nance 1n each luminance. In other words, the number of the
IND for the minimum luminance L, 1s assigned 0, and the
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number of the JND for the luminance L, 1s assigned 1. The
luminance after the luminance L, will be assigned sequen-
tially. Here, the extended JND difference Jext corresponds to
the number of JNDs whose luminance 1s less than 0.035
(cd/m*), as shown in FIG. 9. In other words, the extended
IND difference Jext corresponds to the number of JNDs that
are smaller than the temporary minimum luminance
Lmin_tmp. In FIG. 9, there are a total of 19 values (L, to
L,s) for which the luminance 1s smaller than [,,, which
corresponds to the temporary minimum luminance
Lmin_tmp. Therefore, in FIG. 9, the extended JND difler-
ence Jext 1s 19.

Second Function: Calculation of Extended JND Index

The extended JND difference calculation part 10 can also
acquire the extended JND index, as explained next.

In FIG. 9, the temporary minimum JND value Jmin_tmp
was different from the luminance (=0.05 (cd/m?)) of the JND
index=1. Here, the extended JND difference calculation part
10 defines the minimum luminance L, (starting luminance)
so that the temporary minimum JND Value Jmin_tmp cor-
responds to the luminance of the JND index=1.

Specifically, as shown i FIG. 10, the extended JND
difference calculation part 10 defines the minimum lumi-
nance L, to be 0.0010 (cd/m”). Then, the extended JND
difference calculation part 10 performs the calculations
described in the second function 1n turn and calculates the
luminance L, to the luminance L, ;. Here, when the extended
IND difference calculation part 10 defines the minimum
luminance L, to be 0.0010 (cd/m?), the L, , corresponding to
the temporary minimum JND value Jmin_tmp 1s 0.05 (cd/
m”~), which is equal to the luminance of the JND index=1.
Therefore, L, to L,; can be specified as the luminance
corresponding to the JND index of less than 1. In other
words, L, 5 1s the luminance corresponding to JND 1ndex=0,
[,, 1s the luminance corresponding to JND index=-1,
and . . . L, 1s the luminance corresponding to JND index=
—-18. From the above, the extended JND difference calcula-
tion part 10 can acquire the JND index less than 1, 1. e., the
extended JND index, and the corresponding luminance
Conversion Unit 11

The conversion unit 11 acquires the temporary minimum
luminance Lmin_tmp and the maximum luminance Lmax.
As shown FIG. 2, the conversion umt 11 acquires the
temporary mimmum luminance Lmin_tmp {rom the
extended JND difference calculation part 10. When the
operator of the image display device 1 enters the value of the
maximum luminance Lmax using the operation unit 1F, the
conversion unit 11 acquires the maximum luminance Lmax.
Since the temporary minimum luminance Lmin_tmp and the
maximum luminance Lmax are both larger than 0.05 (cd/
m*~), formula 3 specified by the DICOM can be applied. In
other words, the conversion unit 11 has the function to
convert the luminance to the JIND value based on formula 3
specified by the DICOM, as shown 1 FIG. 7A. Specifically,
as shown 1n FIG. 2, the conversion unit 11 converts the
temporary minimum luminance Lmin_tmp calculated by the
extended JND difference calculation part 10 to the tempo-
rary minimum JND value Jmin_tmp. The conversion unit 11
converts the maximum luminance Lmax to the maximum
JND value Jmax.

Target JND Value Calculation Part 12

The target IND value calculation part 12 acquires the
temporary minimum JND value Jmin_tmp and the maxi-
mum JND value Jmax from the conversion unit 11. Also, the
target JND value calculation part 12 acquires the extended
IND difference Jext from the extended JND diflerence
calculation part 10. The target IND value calculation part 12
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calculates the target JIND value Jm_ target for each gradation
based on the maximum JND value Jmax, the extended IND
difference Jext, the temporary minimum JND value
Jmin_tmp, and the number of gradations. In the embodi-
ment, 1t 1s described that there are gradations from O to 255,
but 1t 1s not limited to this. The process of calculating the
target JND value Jm_target 1s described below.

First, the target JND value calculation part 12 calculates
AJND based on formula 5 shown i FIG. 8A. AIND 1s the

difference 1n the JND values between adjacent gradations.
The difference 1 the JND values between adjacent grada-
tions 1s the same for all adjacent gradations. In the embodi-
ment, the maximum luminance Lmax is set to 1000 (cd/m?).
In this case, the maximum JND value 1s 810.49. As shown
in FIG. 9, the minimum luminance is set to 0.0015 (cd/m?).
At this time, the L, corresponding to the temporary mini-
mum luminance, calculated by recursive calculation, 1s
0.05268 (cd/m?). Therefore, the temporary minimum JND

value Jmin_tmp is 1.62 (cd/m?). Also, as described above,
Jext 1s 19. Thus, as shown 1n FIG. 8a, AJND 1s 3.246.

Next, the target JND value calculation part 12 calculates
the target JND value Jm_target for each gradation based on
formula 6 shown in FIG. 8B. In formula 6, m 1s an integer
between 0 and 255. The relationship between each gradation
and the target IND value 1s shown 1n FIG. 11. In FIG. 11, the
s1X target JND values within the dashed rectangle shown 1n
FIG. 11 have values less than 1 and correspond to the
extended JND index (-19 to 0).

Target Luminance Calculation Part 13

The target luminance calculation part 13 calculates the
target luminance of the first and second gradation charac-
teristics (see F1G. 12) based on the target JND value for each
gradation. In the range where the target IND value 1s larger
than 1 (the range of the first gradation characteristic), the
target luminance calculation part 13 converts the target JIND
value to the target luminance based on formula 4 shown in
FIG. 7B. In other words, the first gradation characteristic
complies with the gradation characteristic of the GSDF of
the DICOM. That 1s, the first gradation characteristic 1s
defined to satisty the relationship between the JND value
(the JND 1ndex) of 1 or more and the corresponding lumi-
nance for this (see the solid line 1n FIG. 12).

Formula 4 cannot be applied when the target JND value
1s less than 1. For this reason, 1n the range where the target
IND value 1s less than 1 (the range of the second gradation
characteristic), the target luminance calculation part 13
converts the target JND value to the target luminance based
on the approximation formula Lapprox described below.

The extended JND index acquired by the extended JND
difference calculation part 10 has integer JND values, but the
approximation formula Lapprox can be applied to non-
integer JND values. In other words, the extended JND index
and the corresponding luminance for this and the approxi-
mation formula Lapprox are essentially the same gradation
characteristic, although there 1s a diflerence 1n whether the
applicable IND values include non-integers or not. That 1s,
the approximate formula Lapprox 1s a formula that expresses
the relationship between the JIND value (the JND index) of
less than 1 and the corresponding luminance for this. Thus,
in the embodiment, the approximation formula Lapprox (see
dashed line 1n FIG. 12) 1s a formula that defines the second
gradation characteristic. Then, the second gradation charac-
teristic 1s defined so that it satisfies the relationship between
the JND value (the JND index) of less than 1 and the
corresponding luminance for this (the dashed approximate
formula Lapprox i FIG. 12).
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As described above, the first gradation characteristic (the
gradation characteristic having the luminance of 0.05 (cd/

m~) or more) complies with the gradation characteristic of
the GSDF of the DICOM, 1t satisfies the relationship
between the JIND value and the corresponding luminance for
this. The second gradation characteristic (the gradation
characteristic having a luminance less than 0.05 (cd/m?))
also satisfies the relationship between the JND value and the
corresponding luminance for this. Therefore, 1n the embodi-
ment, the gradation characteristic compatible with the GSDF
1s extended to the luminance region of less than 0.05
(cd/m?).

Approximate Formula Generator 14

Formula 4 1s a formula that converts the JND value to
luminance, but 1t cannot be applied when the JND value 1s
less than 1. The extended JND index i1s an integer, but the
target JND value for each gradation 1s not necessarily an
integer. Based on these, the approximate formula generator
14 generates a formula that can properly convert the JND
value to the luminance even 1 the JND value 1s less than 1
and the JND value 1s not an integer.

Here, the existing JIND value corresponding to the GSDF
and the corresponding luminance for this are referred to as
the value V1 for the first gradation characteristic (see FIG.
2). Also, the extended JND value and the corresponding
luminance for this are referred to as the value V2 for the
second gradation characteristic. The approximate formula
generator 14 generates the approximate formula Lapprox
based on the values V1 and V2 for the first and second
gradation characteristic. The type of the approximation
formula Laprox 1s assumed to be a fifth-order function 1n the
embodiment, but 1t 1s not limited to this and can be changed
as needed.

The approximate formula generator 14 generates the
approximate formula Lapprox using the value V1 for the
first gradation characteristic 1n addition to the value V2 for
the second gradation characteristic (see FIG. 12) so that the
approximate formula Lapprox to be smoothly connected to
the GSDF-based curve (the curve in the range where the
JND index 1s larger than or equal to 1).

The value V1 for the first gradation characteristic may
have the same number of IND indexes as the extended JND
index, for example. In other words, in the embodiment, the
value V2 for the second gradation characteristic has the JND
index of —18 to 0 and the corresponding luminance for this,
so the value V1 for the first gradation characteristic should
have the JND index of 1 to 19 and the corresponding
luminance for this. The approximate formula generator 14
substitutes the values V1 and V2 for the first and second
gradation characteristics into the approximate formula Lap-
prox and performs regression analysis to acquire the coet-
ficients a to e and the intercept 1 of the approximate formula
Lapprox. This allows the approximate formula generator 14
to generate the approximate formula Lapprox.

3-1-2. In Case where Minimum Luminance Lmin 1s 0.05
(Cd/m*) or More Conversion Unit 11

As shown 1 FIG. 3, the conversion umt 11 acquires the
minimum luminance Lmin and the maximum luminance
Lmax. The operator of the image display device 1 inputs the
values of the minimum luminance Lmin and the maximum
luminance Lmax using the operation unit 1F, and the con-
version unit 11 acquires the minimum luminance Lmin and
the maximum luminance Lmax. The conversion unit 11
converts the minimum luminance Lmin to the minimum
JND value Jmin, and the maximum luminance LLmax to the
maximum JND value Jmax.
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Target JND Value Calculation Part 12

The target JND value calculation part 12 calculates the
target JIND value Jm_target 1n a known manner, as described
below. As shown 1n FIG. 3, the target IND value calculation
part 12 acquires the mimimum JND value Jmin and the
maximum JND value Jmax from the conversion unit 11. The
target JND value calculation part 12 calculates the target
IND value Jm_target for each gradation based on the mini-
mum JND value Jmin, the maximum JND value Jmax, and
the number of gradations. Specifically, the target JND value
calculation part 12 calculates the target IND value Jm_target
based on formula 7 shown in FIG. 8C.
Target Luminance Calculation Part 13

The target luminance calculation part 13 calculates the
target luminance of the first gradation characteristic based
on the target JND value for each gradation. The target
luminance calculation part 13 converts the target IND value

to the target luminance based on formula 4 shown 1n FIG.
7B.

3-2. LUT 1B

LUT 1B has LUT data. The LUT data is configured as a
table of output data (conversion table) that 1s associated with
the input data. The mput data corresponds to the image data
to be acquired from the information processing device 2, and
the image data converted through the LUT 1B 1s imnput to the
image processing unit 1C. As the image display device 1
includes LUT 1B, 1t 1s easy to change the mapping of the
LUT data. The number of gradations that can be represented
in the LUT data (bit depth) 1s specific to the image display
device 1, and generally there are more bits in the output data
than in the mput data.

As the process of performing the calibration shown 1n
FIG. 4 below, the LUT data of the image display device 1 1s
set to default values. Then, the control unit 1G adjusts the
luminance of the white so that the luminance of the image
display umit 1D 1s above the maximum luminance value,
which 1s generally the target. The image used for the
measurement may be the image data from the information
processing device 2, or it may be the specified 1image data
stored 1n advance by the image display device 1. The sensor
1H measures the luminance of the image display unit 1D at
the specified gradation value (measurement gradation
value). Here, 1n the image display device 1, the measured
gradation value and the corresponding measured luminance
are mapped to the LUT data of the basic characteristics of
the image display device 1. Then, when the target luminance
calculation part 13 acquires the target luminance of each
gradation, the suitable LUT data 1s selected from the LUT
data of the basic characteristics to make the target luminance
of each graduation. In the area where the luminance 1s 0.05
(cd/m?) or more, the target luminance acquired by the target
luminance calculation part 13 complies with the GSDF.
Also, 1n the area where the luminance 1s less than 0.05
(cd/m*), the target luminance acquired by the target lumi-

nance calculation part 13 complies with the extended GSDF.
Therefore, LUT 1B will be selected as the LUT data

corresponding to the GSDF or the extended GSDEF. The
luminance of the LUT data between the measured gradation
values can be acquired by interpolation.
3-3. Image Processing Unit 1C and Image Display Unit 1D
The image processing umt 1C performs 1image processing,
based on the LUT data (output), and the image display umit
1D displays the processed data. The image display unit 1D
displays 1image data (including still images and videos) as
images. The image display unit 1D can be configured with
a liquid crystal display and an organic EL display, for
example.
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3-4. Memory 1E
The memory 1E stores various data and programs. The
memory 1E stores, for example, the Barten-Model param-
eters, formulas 1 to 7 shown 1n FIG. 6A to 8C, and so on.
Also, the 1image data for the measurement of the sensor 1H
1s stored in the memory 1E.
3-5. Operation Unit 1F
The image display device 1 1s operated by the operation
unit 1F, which can be configured with buttons, a touch panel,

and a voice mput device, for example. In the embodiment,
the minimum luminance L min and the maximum luminance

L max are input through the application that the information

processing device 2 has, but may be input using the opera-
tion unit 1F.

3-6. Control Unit 1G

The control unit 1G controls (adjusts) the luminance of
the 1image displayed on the image display unit 1D when
performing the calibration described 1n the flowchart below.

3. Flowchart

3-1. Overall Configuration

An example of a control flowchart of the image display
system 100 1s described based on FIG. 4. The flowchart 1n
FIG. 4 shows the basic process of calibration, which
includes the luminance adjustment of the white screen (step
S3), and the LUT adjustment to select the suitable LUT data
to make the display luminance of each gradation the target
luminance (step S6).

The operator mputs the mimmum luminance Lmin and
the maximum luminance L max via the information process-
ing device 2 application, and the image display device 1
acquires the minimum luminance Lmin and the maximum
luminance Lmax (step S1). The minimum luminance Lmin
can also be the value measured by the sensor 1H. The
arithmetic processing unit 1A writes the default value of the
LUT data stored in advance in the memory 1E to the LUT
(step S2). The control unit 1G makes the white screen data
appear on the image display unit 1D, the sensor 1H measures
the luminance of the image display unit 1D, and the control
unit 1G adjusts the luminance of the image display unit 1D
(step S3). The control unit 1G repeats the change of the
luminance of the image display umit 1D and the measure-
ment of luminance by the sensor 1H until 1t 1s within the
predetermined range of the luminance.

The 1mage data of the specified plurality of gradations
stored 1n the memory 1E 1s displayed on the image display
unit 1D, and the sensor 1H measures the luminance of the
image display unit 1D (step S4). The measured luminance of
the unmeasured gradations can be acquired by interpolation.

The arithmetic processing umt 1A acquires the target
luminance (step S5). The details of step S5 are described 1n
“3-2. TARGET LUMINANCE CALCULATION FLOW”.
Then, the arithmetic processing unit 1A selects the suitable
LUT data to make the target luminance based on the
measured luminance acquired 1n step S4 and the target
luminance acquired in step S35 (step S6).

3.2 Target Luminance Calculation Flow

An example of a flowchart for acquiring the target lumi-
nance 1s described based on FIG. S.

Step S11

The anthmetic processing unit 1A determines whether the
minimum luminance Lmin is less than 0.05 (cd/m?). If the
minimum luminance Lmin is less than 0.05 (cd/m?), move
to step S12, 11 the minimum luminance Lmin 1s larger than

0.05 (cd/m”), move to step S19.
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In the case of moving from step S11 to step S12, the
minimum luminance Lmin is less than 0.05 (cd/m?), so the
image display device 1 needs to display the image data while
taking 1into account not only the first gradation characteristic
but also the second gradation characteristic. Therefore, the
arithmetic processing unit 1A performs the steps described
below and acquires the extended JND value.

On the other hand, in the case of moving from step S11
to step S19, the minimum luminance Lmin is 0.05 (cd/m*)
or more, so the image display device 1 can display the image
data while taking into account the first gradation character-
istic (GSDF). In this case, the target luminance can be
acquired 1n the same manner as the existing method.

Step S12 to Step S14: Acquisition of Lmin_Tmp and Jext
by Recursive Calculations

The extended JND difference calculation part 10 substi-
tutes the minimum luminance L, corresponding to the mini-
mum extended JND index into the formula shown in FIG.
6B, and calculates the luminance L, corresponding to the

next extended JND index (step S12). In the embodiment, the
minimum luminance L, 1s 0.00150 and the luminance L, 1s
0.00246. The extended JND difference calculation part 10
determines whether the luminance L, corresponding to the
next extended JND index is 0.05 (cd/m?) or more (step S13).
Since the luminance L, is not larger than 0.05 (cd/m”), the
calculation 1s repeated 1n Step S12. Step S12 and step S13
are repeated until the luminance L,,, which 1s 0.05268
(cd/m®), is calculated. Then, the extended JND difference
calculation part 10 acquires the temporary mimmum lumi-
nance Lmin_tmp (=L,,) and the extended JND difference
Jext as a result of the repeated calculations 1n step S12 and
step S13 (step S14).
Step S15: Converting Luminance to JND Values

The conversion unit 11 converts the maximum luminance
L max to the maximum JND value Jmax and the temporary
minimum luminance Lmin_tmp to the temporary minimum
IND value Jmin_tmp based on formula 3 shown 1n FIG. 7A.
In the embodiment, the maximum luminance Lmax 1s 1000
(cd/m?), so the maximum JND value Jmax is 810.49, and the
temporary mimimum luminance Lmin_tmp 1s 0.05268 (cd/

m~), so the temporary minimum JND value Jmin_tmp is
1.62.
Step S16 and Step S17: Calculation of AJIND and Target
IND Value

The target IND value calculation part 12 calculates AIND
using the maximum JND value Jmax, the extended JND
difference Jext, the temporary minimum JND value
Jmin_tmp, and the number of gradations based on formula
S5 shown 1 FIG. 8A (step S16). In the embodiment, the
maximum JND value Jmax 1s 810.49, the temporary mini-
mum JND value Jmin_tmp 1s 1.62, and the extended JND
difference Jext 1s 19. Therefore, in the embodiment, AIND
1s 3.246. Next, the target JND value calculation part 12
acquires the target JND value for each gradation based on
formula 6 shown 1n FIG. 8B (step S17).
Step S18: Generation of Approximation Formula Laprox
and Calculation of Target Luminance

The approximate formula generator 14 generates the
approximate formula Lapprox based on the values V1 and
V2 for the first and second gradation characteristics. The
value V2 for the second gradation characteristic 1s acquired
in the recursive calculation of step S12 to step S14. Also, the
approximate formula generator 14 can acquire the value V1
for the first gradation characteristic from the memory 1E.

The target luminance calculation part 13 calculates the
target luminance of the first and second gradation charac-

teristics based on the target JND value for each gradation. I
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the target JND value 1s larger than or equal to 1, the target
luminance calculation part 13 converts the target IND value
to the target luminance based on formula 4 shown 1n FIG.
7B. I the target JND value 1s less than 1, the target
luminance calculation part 13 converts the target JIND value
to the target luminance based on the approximation formula
Lapprox.

Step S19 to Step S21: Calculation of Target Luminance
Using Existing Methods

The conversion unit 11 converts the maximum luminance
Lmax to the maximum JND value Jmax and the minimum
luminance Lmin to the minimum JND value Jmin based on
formula 3 shown 1n FIG. 7A (Step S19).

The target IND value calculation part 12 calculates the
target JND value Jm_target for each gradation using the
maximum JND value Jmax, the minimum JND value Jmin,
and the number of gradations based on formula 7 shown 1n
FIG. 8C (step S20).

The target luminance calculation part 13 converts the
target JND value for each gradation to the target luminance

based on formula 4 shown in FIG. 7B.

4. Modification

As shown 1n FIG. 13, 1n the image display system 100, the
arithmetic processing unit 1A may be included 1n the infor-
mation processing device 2. In other words, the information
processing device 2 may acquire the relationship between
the JIND value and the corresponding luminance described in
the embodiment 1n advance, and the image display device 1
may acquire the relationship from the information process-
ing device 2.

Also, 1n this modification, the sensor 1H 1s not built into
the image display device 1, but 1s provided outside the image
display device 1. In this modification, the information pro-
cessing device 2 controls the sensor 1H and receives the
detection results of the sensor 1H. In addition, the informa-
tion processing device 2 stores the image data of the
specified plurality of gradations. The information processing
device 2 outputs the image data of each gradation and the
luminance measured by the sensor 1H to the image display
device 1, and the calibration described 1 FIG. 4 1s per-
formed. Even with this modification, the same eflect as the
embodiment can be realized.

5. Other Embodiments

The 1mage display device 1 according to the embodiment
may be the image display device that can display color
images. For example, the image display device 1 should be
able to display an 1image with the first and second gradation
characteristics when displaying a grayscale image.

REFERENCE SIGNS LIST

1: 1mage display device

1A: arithmetic processing unit

1C: 1mage processing unit

1D: image display unit

1E: memory

1F: operation unit

1G: control unit

1H: sensor

2: information processing device

10: extended JND diflerence calculation part
11: conversion unit

12: target IND value calculation part
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13: target luminance calculation part

14: approximate formula generator

100: image display system

Jext: extended JND difference

Im_target: target JND value

Jmax: maximum JND value

Jmin: minmimum JND value

Jmin_tmp: temporary minmimum JND value
Lmax: maximum luminance

Lmin: minimum luminance

Lmin_tmp: temporary minimum luminance

The mmvention claimed 1s:
1. An image display device for medical use configured to
display image data comprising:

an 1mage display unit; and

an 1mage processing unit, wherein

the 1mage processing unit 1s configured to display the
image data on the image display unit based on first and
second gradation characteristics,
the first gradation characteristic has a luminance of

0.05 cd/m* or more,

the second gradation characteristic has a luminance of

less than 0.05 cd/m~,

the first gradation characteristic complies with (Gray-
scale Standard Display Function (GSDF) gradation
characteristic of a Digital Imaging and Communica-
tions 1 Medicine (DICOM) standard,

the first gradation characteristic 1s defined to satisiy a
relationship between a Just Noticeable Diflerence
(JIND) value complying with GSDF and a corre-
sponding luminance,

the second gradation characteristic 1s a gradation char-
acteristic that extends, based on a Barten-Model,
over an applicable range of GSDF from a first

luminance above 0.05 c¢cd/m” to a second luminance
less than 0.05 c¢d/m*, and

the second gradation characteristic 1s defined to satisty
a relationship between an extended JND value com-
plying with extended GSDF and a corresponding
luminance.
2. The image display device of claim 1, wherein
the relationship 1 the second gradation characteristic
corresponds to a relationship between a target JND
value and a corresponding target luminance,
the target luminance corresponds to the corresponding
luminance,
the target IND value 1s calculated based on a maximum
IND value, an extended JND difference, a temporary
minimum JND value, and a number of gradations,
wherein the number of gradations 1s a predetermined
value 1n the image display device,
the maximum JND value corresponds to a maximum
luminance of the image display unait,
the temporary minimum JND value corresponds to a
temporary minimum luminance, and the temporary
minmimum JND value 1s calculated from a minimum
luminance using a predetermined relationship,
the minimum luminance is less than 0.05 cd/m?,
when the mimmimum luminance 1s given, the prede-
termined relationship 1s capable of recursively
calculating a luminance corresponding to a JND
value that 1s larger than a mimimum JND value
corresponding to the minimum luminance by at
least a value n, wherein n=1,
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the temporary mimmum luminance 1s a luminance

that becomes larger than a predetermined lumi-

nance for the first time when a recursive calcula-

tion of each luminance using the predetermined
relationship 1s repeated, and d

the extended JND difference corresponds to a number

of luminance which 1s used to calculate the tempo-

rary minimum luminance, said number of luminance

being smaller than the temporary minimum lumi-

nance. 10
3. The image display device of claim 1 further compris-
ng:
an arithmetic processing unit, wherein
the arithmetic processing unit includes an extended JND

difference calculation part, a target JND value calcu-
lation part, and a target luminance calculation part,
the extended JND difference calculation part calculates a
temporary minimum luminance from a mimmum lumi-
nance using a predetermined relationship and calcu- 20
lates an extended JND difference,
when the minimum luminance 1s given, the predeter-
mined relationship 1s capable of recursively calcu-
lating a luminance corresponding to a JND value that
1s larger than a minimum JND value corresponding 25
to the minimum luminance by at least a value n,
wherein nz=1,
the temporary minimum luminance 1s a luminance that
becomes larger than a predetermined luminance for
the first time when a recursive calculation of each
luminance using the predetermined relationship 1s
repeated,
the minimum luminance is less than 0.05 cd/m~,
the extended JND difference corresponds to a number
of luminance which 1s used to calculate the tempo-
rary minimum luminance, said number of luminance
being smaller than the temporary minimum lumi-
nance,
the target JND value calculation part calculates a target 49
IND value for each gradation based on a maximum
IND value corresponding to a maximum luminance of
the image display unit, the extended JND difference, a
temporary minimum JND value corresponding to the
temporary minimum luminance, and a number of gra- 45
dations, wherein the number of gradations 1s a prede-
termined value 1n the image display device,
the target luminance calculation part calculates a target
luminance based on the target IND value,
the target JND value corresponds to the JND value of 50
the first and second gradation characteristics, and
the target luminance corresponds to the corresponding
luminance of the first and second gradation charac-
teristics.
4. The image display device of claim 1, wherein 55
the JND value for the first gradation characteristic 1s
assigned a real number larger than or equal to 1, and
the JND value for the second gradation characteristic 1s
assigned a real number less than 1.
5. The image display device of claim 1, wherein 60
a JND index for the first gradation characteristic 1s

assigned an integer larger than or equal to 1, and

a JND index for the second gradation characteristic 1s
assigned an integer less than 1.

6. The image display device of claim 3, wherein 65

the JND index for the second gradation characteristic 1s
assigned a negative integer.
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7. An 1mage display system for medical use configured to
display 1image data comprising:

an 1mage display unit; and

an 1mage processing unit, wherein

the 1mage processing unit 1s configured to display the
image data on the image display unit based on first and
second gradation characteristics,
the first gradation characteristic has a luminance of

0.05 cd/m* or more,

the second gradation characteristic has a luminance of

less than 0.05 cd/m~,
the first gradation characteristic complies with (Gray-

scale Standard Display Function (GSDF) gradation
characteristic of a Digital Imaging and Communica-

tions 1n Medicine (DICOM) standard,

the first gradation characteristic 1s defined to satisiy a
relationship between a Just Noticeable Diflerence
(JND) value complying with GSDF and a corre-

sponding luminance,
the second gradation characteristic 1s a gradation char-

acteristic that extends, based on a Barten-Model,
over an applicable range of GSDF from a first
luminance above 0.05 cd/m” to a second luminance
less than 0.05 cd/m?, and
the second gradation characteristic 1s defined to satisty
a relationship between an extended JND value com-
plying with extended GSDF and a corresponding
luminance.
8. The image display system of claim 7, wherein
the relationship i1n the second gradation characteristic
corresponds to a relationship between a target JND
value and a corresponding target luminance,
the target luminance corresponds to the corresponding
luminance,
the target IND value 1s calculated based on a maximum
IND value, an extended JND difference, a temporary
minimum JND value, and a number of gradations,
wherein the number of gradations 1s a predetermined
value 1n the image display device,
the maximum JND value corresponds to a maximum
luminance of the image display unait,
the temporary minimum JND value corresponds to a
temporary minimum luminance, and the temporary
mimmum JND value 1s calculated from a minimum
luminance using a predetermined relationship,
the minimum luminance is less than 0.05 cd/m?,
when the mimmimum luminance 1s given, the prede-
termined relationship 1s capable of recursively
calculating a luminance corresponding to a JND
value that 1s larger than a mimimum JND value
corresponding to the minimum luminance by at
least a value n, wherein n=1,
the temporary minimum luminance i1s a luminance
that becomes larger than a predetermined lumi-
nance for the first time when a recursive calcula-
tion of each luminance using the predetermined
relationship 1s repeated, and
the extended JND difference corresponds to a number
of luminance which 1s used to calculate the tempo-
rary minimum luminance, said number of luminance
being smaller than the temporary minimum lumi-
nance.
9. The image display system of claim 7 further compris-
ng:
an arithmetic processing umt, wherein
the arithmetic processing unit includes an extended JND
difference calculation part, a target JND value calcu-
lation part, and a target luminance calculation part,
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the extended JND difference calculation part calculates a
temporary minimum luminance from a minimum lumi-
nance using a predetermined relationship and calcu-
lates an extended JND difference,

when the minimum luminance 1s given, the predeter-
mined relationship 1s capable of recursively calcu-
lating a luminance corresponding to a JND value that
1s larger than a minimum JND value corresponding
to the minimum luminance by at least a value n,
wherein nz=1,

the temporary minimum luminance 1s a luminance that
becomes larger than a predetermined luminance for
the first time when a recursive calculation of each
luminance using the predetermined relationship 1s
repeated,

the minimum luminance is less than 0.05 cd/m?,

the extended JND difference corresponds to a number
of luminance which 1s used to calculate the tempo-
rary minimum luminance, said number of luminance
being smaller than the temporary minimum lumi-
nance,

the target JND value calculation part calculates a target
IND value for each gradation based on a maximum
IND value corresponding to a maximum luminance of
the image display unit, the extended JND difference, a
temporary minimum JND value corresponding to the
temporary minimum luminance, and a number of gra-
dations, wherein the number of gradations 1s a prede-
termined value 1n the 1mage display device,

the target luminance calculation part calculates a target
luminance based on the target IND value,

the target JND value corresponds to the JND value of
the first and second gradation characteristics, and

the target luminance corresponds to the corresponding
luminance of the first and second gradation charac-
teristics.

10. The image display system of claim 7, wherein

the JND value for the first gradation characteristic 1s
assigned a real number larger than or equal to 1, and

the JND value for the second gradation characteristic 1s
assigned a real number less than 1.

11. The image display system of claim 7, wherein

a JND index for the first gradation characteristic 1s
assigned an integer larger than or equal to 1, and

a JND index for the second gradation characteristic 1s
assigned an integer less than 1.

12. The image display system of claim 11, wherein

the JND index for the second gradation characteristic 1s
assigned a negative integer.
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13. An 1image display method for medical use and dis-
playing image data comprising:
a display step of displaying the image data on an 1mage

display unit based on first and second gradation char-

acteristics, wherein

the first gradation characteristic has a luminance of
0.05 cd/m* or more,

the second gradation characteristic has a luminance of
less than 0.05 cd/m~,

the first gradation characteristic complies with (Gray-
scale Standard Display Function (GSDF) gradation
characteristic of a Digital Imaging and Communica-
tions 1n Medicine (DICOM) standard,

the first gradation characteristic 1s defined to satisiy a
relationship between a Just Noticeable Diflerence
(JIND) value complying with GSDF and a corre-
sponding luminance,

the second gradation characteristic 1s a gradation char-
acteristic that extends, based on a Barten-Model,
over an applicable range of GSDF from a first
luminance above 0.05 cd/m” to a second luminance
less than 0.05 c¢d/m?, and

the second gradation characteristic 1s defined to satisty
a relationship between an extended JND value com-
plying with extended GSDF and a corresponding
luminance.

14. A non-transitory computer readable medium that
stores a computer program causing a computer to execute an
image display method for medical use and displaying image
data comprising:

a display step of displaying the image data on an 1image

display unit based on first and second gradation char-

acteristics, wherein

the first gradation characteristic has a luminance of
0.05 cd/m* or more,

the second gradation characteristic has a luminance of
less than 0.05,

the first gradation characteristic complies with (Gray-
scale Standard Display Function (GSDF) gradation
characteristic of a Digital Imaging and Communica-
tions 1 Medicine (DICOM) standard,

the first gradation characteristic 1s defined to satisiy a
relationship between a Just Noticeable Diflerence
(IND) value complying with GSDF and a corre-
sponding luminance,

the second gradation characteristic 1s a gradation char-
acteristic that extends, based on a Barten-Model,
over an applicable range of GSDF from a first
luminance above 0.05 cd/m” to a second luminance
less than 0.05 cd/m?, and

the second gradation characteristic 1s defined to satisty
a relationship between an extended JND value com-
plying with extended GSDF and a corresponding
luminance.
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